Abstract-This paper proposes a quality matchmaker which introduces four algorithms or filters: interface matching, quality criteria matchmaking, quality value constraints matching, and mathematical matchmaking. These four algorithms use the quality matchmaker subcomponents to implement their roles. The quality matchmaker has three sub-components which are: interface matchmaking, quality criteria matchmaking and mathematical matchmaking.
1. The service selection in the current Web service architecture is done by human clients, which is not desirable if thousands of services are available for selection.
2.
The current selection is only based on the functional information in the WSDL document. The service requester requires a selection mechanism that is based on functional and also the non-functional information. Therefore, an effective automated technique for the service selection regarding to the service requester's quality requirement and preferences is needed. This paper proposes a quality matchmaker which is the core component of the quality-based Web service architecture (QWSA) [5] . This implements the quality matchmaking process (QMP) to select the best service. The QMP is based on a mathematical model. A simulation programme called the quality service selection system (QSSS) [5] is developed to implement the QMP. It allows the service requester to select the best service automatically.
B. Related Work and Our Contribution
Several research efforts have been made in the area of quality-based Web Services. Zeng et al. [6] present two service selection approaches: local optimization and global planning. A Simple Additive Weighing technique is used to select an optimal Web service. The users express their preferences regarding QoS by providing values for the weights. They propose a simple QoS model using the examples of price, availability, reliability and reputation.
Liu et al. [7] present an open, fair and dynamic QoS computation model for Web services selection. They achieve the dynamic and fair computation of QoS values of Web services through a secure user's feedback and a monitor. Their QoS model is extensible, new domain specific criteria can be added, without changing the underlying computation model. They provide an implementation of a QoS registry based on their extensible QoS model. Fedosseev in [8] presents the global planning approach which is used to optimally select component services during execution of a composite service. This approach is based on quality-of-service (QoS) characteristics of services, different types of quality metrics have been introduced such as QoS: system, QoS: task, quality-of-experience (QoE), and quality-of-business (QoBiz). This paper proposes a quality matchmaking selection technique that is based upon a mathematical model. The Analytical Hierarchy Process (AHP) is used to calculate the quality criteria weight, based on the requester preferences. The Euclidean distance is used to calculate the distance between the quality requirements and the quality specifications. The service associated with the minimum distance is the best service to select.
II. MATHEMATICAL MODEL FOR SERVICE SELECTION
The quality service selection in this paper depends on the quality matchmaking process (QMP), which is described in Section IV. QMP is based upon a mathematical model. The proposed mathematical model uses two methods in order to select the best Web service. Analytical Hierarchy Process (AHP) method is used to calculate the quality criteria weights based on the service requester's quality preferences. Euclidean distance method is used as in [9] , to measure the distance between the quality requirements specified by the service requester and the quality specifications specified by the service provider. The Web service with the minimum Euclidean distance is the best service to select. The mathematical model is described in the following steps using an example.
Step-1: Construct pair-wise comparison matrix
The pair-wise comparison matrix A, equation (1) , is constructed with respect to the service requester's quality preferences and compares them in a pair wise way. The pair-wise comparison matrix A is a reciprocal matrix representing the service requester judgments of selecting the relative importance of his preference of quality criterion i C over j C from Table 1 . The main diagonal of the matrix is always 1. The requester specifies m(m-1)/2 preferences, where m is the number of quality criteria. 
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Example:
The service requester's quality preferences are:
 Availability (AV) is assigned by the service requester as two times more important than the Reputation (REP).
 Availability (AV) is assigned by the service requester as four times more important than the Price (P).

Reputation is the same as important as Price.
The number of quality criteria, m=3. The requester specifies 3 preferences or judgments.Thus, a comparison matrix A from the equation [1] is formed:
Step-2: Calculate the weight vector of quality criteria
The weights of quality criteria can be calculated from the matrix A by using equation (2) . The Consistency Ratio (CR) measures the degree of consistency among the pair-wise judgements [11] . It can be calculated from equation (3) [12] . The Consistency Ratio (CR) of value 0.10 or less is considered acceptable and the requester judgement is consistent [10] . An acceptable consistency property helps to ensure decision-maker reliability in determining the priorities of a set of quality criteria.
RI
CI CR  (3)
Where CI is the Consistency Index and RI is the Random Index. The RI value is selected from Table 2 . The Consistency Index (CI) is defined as [13] , [14] :
Where  is the average of the row totals of the normalized matrix A divided by the weight vector
Example:
The Consistency Ratio (CR) is calculated from equations (3) and (4) as in the following.
1.
Random Index RI for matrix A of size 3 is equal to 0.58, as given in Table 3 .
Calculate
 from the following: 
CI CR
The Consistency Ratio (CR) is equal to 0.046 which is less than 0.1, so the pair-wise requester's judgement is consistent and therefore the procedures will continue in order to select the best Web service.
Step-4: Normalize the proposed performance matrix
It is assumed that the performance matrix P, equation (5) (5) Since the criteria are measured in different measurement units, the performance matrix P, equation (5), should be converted into a nondimensional one. This could be done as each element of P is normalized by the following calculation:
This step produces a normalized performance matrix
The equation (6) , considers only the increasing quality criteria that is the more the value the more benefit the service requester such as Availability and Reputation and it does not consider the decreasing quality criteria that is the more the value the less benefit the requester such as Price criterion. Further investigation required to consider the decreasing quality criteria as well the increasing criteria in the mathematical model.
Example:
Suppose that there are three Web services (n=3) have the same functional properties and published by different service providers, characterized by three quality criteria (m=3): 1 C =Availability, 2 C =Reputation and 3 C =Price. The values of the quality criteria are represented in a performance matrix P from the equation (5): 
The weighted normalized performance matrix can be obtained from equation (7) Step-6: Calculate the relative distances In this step each of the services is measured according to its closeness to the requester quality requirements. The relative Euclidean distances are calculated as follows:
Where j=1,2,…, n is the number of Web services.
Suppose that requester's quality requirements are gives the closest match to the requester quality requirements and should be selected as the best one.
It is seen from the result of step-6 that the second Web service is the best one, since its Euclidean distance is smallest (0.239), compared to the distances of other services. So, the requester will select the second Web service.
If the requester's preferences are changed so that the weight vector is: This example illustrates that the relative weight given to the quality criteria affects the final ranking of the service and depends on the requester preferences and therefore make certain quality criteria weigh more than others.
In the proposed quality-based Web service architecture (QWSA), it is considered to select more than one best service to be a more efficient approach; if one selected service failed, the others can be used instead.
III. QUALITY MATCHMAKING
Quality matchmaking is defined as a process that requires the quality matchmaker to match the quality inquiry to all the quality advertisements stored in the quality server's database, in order to find appropriate advertised services, which satisfy the quality requirements specified in the quality inquiry.
Different requesters may have different requirements and preferences regarding quality of Web service. For example, a requester may require to minimize the execution time while satisfying certain constraints in terms of price and reputation, while another requester may give more importance to the price than to the execution time [6] . Therefore, a quality matchmaking approach is needed to match quality requirements of requesters with the published quality specifications of providers in order to select the best service based on quality criteria constraints and preferences of the requesters.
The quality matchmaker is the core component in quality server. Every service request received by quality matchmaker will be matched with the service specifications that stored in the quality server database. If the match is successful, the quality matchmaker returns a ranked set of desired Web services and selects the appropriate service based on relevance quality criteria using mathematical technique. The roles of each sub-component are described in the following:
1) Interface Matchmaking
The interface matchmaking discovers the Web services which fitting functionality with the request requirements. Functionality means an action that either the service or the service requester can do [15] . This step finds all of the services matching the interface by using the operation called find_tModel() API on the UDDI registry. This step serves as an interface matchmaking filter and retrieves a list of all relevant description tModels for the services which have the same function. Once a set of tModels that match the specified requirements have been found, then a requester can find the corresponding services by using find_service() operation. This returns a list of all services that implement the description in the chosen tModel [16] then quality manager stores the result in the quality database.
The interface matchmaking is important but not sufficient to achieve requester satisfaction, because there are many services implement the same functional properties but have different non-functional (behaviour) properties and need to differentiate between them. Therefore, further matchmaking technique is needed regarding the quality criteria.
2) Quality Criteria Matchmaking
Quality criteria matchmaking compares the quality specifications with the quality requirements based on the quality descriptions of the services' behaviours. This step reduces or filters the returned list that is provided by the above interface matchmaking using the quality criteria matchmaking filter. The quality criteria matchmaking considers the structure of the quality criteria XML Schema [5] . The exact match occurs when the group quality criteria type and the sub-criteria type are same for both the quality requirements and the quality specifications.
Quality criteria matchmaking then uses the quality value constraint matchmaking filter in order to reduce the returned last list. The value of the required or preferred value of a certain quality sub-criteria type has to be within the range of the offered quality sub-criteria, and also the requested quality sub-criteria range is a subset of offered quality range. Further filtering needed to choose the optimum Web service from this list.
3) Mathematical Matchmaking
The mathematical matchmaking reduces the returned last list of services by using mathematical matchmaking filter in order to choose an optimum Web service.
The mathematical matchmaking ranks the services by calculating the distance between the required quality sub-criteria and the offered quality sub-criteria by using a mathematical model. The smallest distance means the best match and therefore the requester can select the best Web service. Once the services are ranked using Euclidean Distance technique, the requester needs to invoke the service by using find_binding() operation. This stage is explained in the following section.
IV. QUALITY MATCHMAKING PROCESS
The quality matchmaking process (QMP) determines which Web service from the published Web services is the best service to be selected based on the requesters quality requirements and preferences. The matchmaking process is classified into two types:

The first is the functional (interface) matchmaking that is used to search the UDDI for a Web service with the required functionality.
The second is to use the quality criteria classification and a mathematical model to match the quality requirements against the quality specifications in the quality database.
The quality matchmaking process (QMP) has four algorithms or filters: Interface matchmaking (functional matchmaking), quality criteria type matchmaking (non-functional matchmaking), quality criteria value constraint matchmaking and mathematical matchmaking. Each of these algorithms or filters narrows a set of matchmaking candidates with respect to a given filter criterion. These four algorithms are illustrated below with an example using Amazon E-Commerce Service (ECS) case study [17] .
Step -1: Interface Matchmaking Algorithm: This step finds all of the matching services that only consider the published Web services matching the required interface. Figure 1 shows a flow chart of an interface matchmaking algorithm that matches the advertised functional specifications in the Web services database with the functional requirements and keeps the result in an iList array.
Start
Requester specifies functional requirement "r"
Database of Web services
Match "r" with Functional Specifications of Web services "s" The interface matchmaking steps are:  The quality matchmaker first searches the ECS database using ItemSearch operation. The matchmaker matches the keyword Web Services with the offered books within the Books category.

The matchmaker returns a large list iList of matched books includes Web Services keyword.
Step-2: Quality Criteria Type Matchmaking Algorithm:
This step is based on quality criteria classification structure. Figure 2 shows a flow chart of a quality criteria and sub-criteria matchmaking algorithm. The service requester selects the quality criteria and sub-criteria. The required criteria type (such as Performance, failure Probability, Trustworthiness, and/or Cost) and the sub-criteria type (such as Response Time, Availability, reputation, etc.) are matched with the advertised criteria and sub-criteria type, which are saved in the returned list iList in step-1. If both the required and advertised criteria and sub-criteria type are same, then the result is saved in an sqList[] array. This paper for simplicity assumes that the criteria and subcriteria type of the advertised services are always similar.
Example:
The above result which stored in iList is filtered by using quality criteria type matchmaking algorithm. The matchmaker returns a list sqList of services contains the following sub-criteria: Availability, Reputation, and Service Price.
Start
Requester selects quality requirement "qr" Step-3: Quality Criteria Value Matchmaking Algorithm:
This step is based on the quality sub-criteria level (High, Medium, or Low) that the requester specifies. Each quality level has a preferred value. The returned list sqList from step-2 is further filtered by using quality criteria value matchmaking algorithm as shown in Figure 3 . The following rule must be satisfied in order to save the result in qvList array list: qlr<=qls That is, the required quality sub-criteria value must be less than or equal the advertised quality sub-criteria value.
Requester specifies quality sub-criteria levels "qlr" {High, Medium, Low} The returned result which stored in sqList is further filtered by using quality sub-criteria value constraints matchmaking. The matchmaker returns a list of services qvList which their offered quality values are within the range of the required values. The ranges of the required quality values are related to the required quality level parameter qlevel (High, Medium, or Low) as shown in Figure 5 . The query is shown in Listing 2.
SELECT Availability, Reputation, ServicePrice The quality database is the database in the quality server. Figure 5 shows the result of quality value matchmaking algorithm. It shows different providers providing services with the same functional specifications but different in its quality specifications.
Service Provider1
Service1 Quality Specifications Description 
AV
The first row is related to sub-criterion Availability (AV), the second row is related to Reputation (REP), the third row is related to Service Price (P).
The first column is related to book with title -J2EE Web Services‖ which provided by provider 1 (see Figure 5) , the second column is related to book title -Understanding Web Service: XML, WSDL, SOAP, and UDDI‖ which provided by provider 3, the third column is related to book title -J2EE Web Services‖ which provided by provider 3.
Step-4: Mathematical Matchmaking Algorithm
This step is based upon a mathematical model that explained in Section II. This step is the most important step in the quality matchmaking process (QMP) (see section IV). The mathematical matchmaking algorithm selects the best Web service from the last list qvList from step-3 as shown in Figure 6 . The service requester specifies the selected quality criteria and sub-criteria preferences. The weight of the quality criteria and sub-criteria is calculated using Analytical Hierarchy Process. Then the consistency ratio (CR) must be less than 0.1 to continue the process. Then the Euclidean distance measures the distance between the requester's quality requirements and the provider's quality specifications of the services that are saved in qvList[] array from step-3. The service associated with a minimum distance is the best service to select. The AHP and Euclidean distance are explained in Section II.
Example:
The mathematical technique (Analytical Hierarchy process and Euclidean Distance) is used to measure the distance between the quality requirements and the quality specifications. The minimum distance calculated will be the best service to select. After using the mathematical technique the final result are:
The distance of the book title -J2EE Web Services‖ which provided by provider 1 is: 0.268.
The distance of the book title -Understanding Web Service: XML, WSDL, SOAP, and UDDI‖ which provided by provider 3 is: 0.239.
The distance of the book title -J2EE Web Services‖ which provided by provider 3 is: 0.258.
From the above result the minimum distance is 0.239 which is related to the book title -Understanding Web Service: XML, WSDL, SOAP, and UDDI‖ and provided by provider 3, so this is the best book which the requester can select to buy. It is noticed from the result that the book with highest Availability value is selected and it is reasonable because the requester specifies the quality level qlevel for the Availability sub-criterion to High, whereas for Reputation and Service Price for Medium, this affect to the weight priority of the Availability which is the highest priority (0.579) and therefore affect the book selection.
Start
Requester specifies quality criteria preferences "qp" and sub-criteria preferences "qsp" Calculate weights of "qp" and "qsp" using Analytical Hierarchy Process
Calculate the Euclidean distance Utilities class contains the Matrix class and methods such as: FillMatrix(), CalculateWeights(), ConsistencyRatio() and EuclideanDistance(). The matrix class and the methods are described below.
Matrix class
Matrix class is used to create matrix instances. The matrix is a multidimensional array is shown in Figure 8 . 
FillMatrix() method
FillMatrix() method as shown in Figure 9 is used to construct pair-wise comparison matrix A that is based on the service requester's quality preferences. The input parameters to FillMatrix() method are the requester's quality preferences. The output of the FillMatrix() method is the pair-wise comparison matrix A.
The number of the columns and the rows of matrix A, is equal to the number of quality criteria (i.e. Trustworthiness), or sub-criteria (i.e. reputation). 
VI. CONCLUSIONS AND FUTURE WORK
In this paper, we have proposed the role of the quality matchmaker component, which is the core component in the proposed quality-based Web service architecture (QWSA). The quality matchmaker introduces four algorithms or filters: interface matching, quality criteria matchmaking, quality value constraints matching, and mathematical matchmaking. These four algorithms use the quality matchmaker sub-components to implement their roles. The quality matchmaker has three sub-components which are: interface matchmaking, quality criteria matchmaking and mathematical matchmaking.
A quality matchmaking process (QMP) is introduced to demonstrate the above four algorithms and to select the best Web service. The last step in the matchmaking process is a mathematical matchmaking algorithm. It is the most important step that uses a mathematical model in order to select the best candidates Web service based on requester's quality requirements and preferences. Two techniques are used in a mathematical model: Analytical Hierarchy Process (AHP) and Euclidean distance.
QMP is illustrated by an example using Amazon E-Commerce Service (AEC) case study. This example shows how the service selection is affected by two factors: the criteria weights and the quality requirements values
The proposed quality matchmaking process (QMP) has been derived with the assumption that the query, which is sent by the service requester, is volatile that is no new services will be added to UDDI and no changes to the quality criteria values for these services. These limitations will be further investigated by adapting the requesters to any changes in the quality criteria during a long time query.
